3Estivo-autumnal parasites are extracellular throughout their life cycle; they migrate from one red corpuscle to another, destroying several in the course of their development. Theypass through a sexual cycle in the human host, 1 with the formation of flagella by the microgametocyte, fertilization of the macrogamete, and its subsequent segmentation. I have seen these phases many times, The great difficulty in working out the phases in the ~esfivo-autumnal infections is that since the infection is usually so serious, one hardly reels justified in withholding treatment of the infected individual for the period of time necessary for the parasites to become very numerous, or, if already numerous, for the time required for a protracted study of them during their developmental phases. (The developmental and sexual phases rarely appear in the peripheral blood unless the patient has a very heavy infection.) It requires many hours for the complete examination of even one film of the patient's blood.
Crescentic Bodies.
The life phase of the ~estivo-autumnal parasite is represented by the characteristic crescentic bodies. They develop in gradual stages from the small ring-form parasites as round bodies, finally opening out into the crescent form. Several days are required for their development, which usually takes place in the internal organs of the host. The crescent may assume other forms, such as fusiform, ovoid, and round. Many of the so called round and ovoid bodies are (a) crescents viewed from their convex side; (b) crescents bent on themselves; (c) adult crescents contracted into round bodies and ovoids. The contracted round bodies and ovoids are usually seen at the edges of films made on slides and cover-slips. By the examination of many specimens one soon learns to distinguish between the developing (round body) crescent and the round form assumed by the adult crescent.
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TExT-FIe. 1, a and b. The appearances one would get if the parasite were within the corpuscle; that is, the outline of the decolorized corpuscle would correspond to the convexity of the crescentic body. One would not expect it to embrace the ends of the crescent, and then bulge out from the concavity of the crescent in the curved line, as shown in Text- fig. 2 , a, b, and c. It would be more likely to present an appearance such as is shown in Text- fig. 1 , b.
Extracellular Relation of the Crescent to the Red Corpusde.--The
crescentic bodies are generally believed to be within the substance of the red corpuscle in spite of the many evidences, easily demonstrated, that they are attached to its external surface. Even if one could not understand the method by which this attachment was secured, the relation of the "bib" to the parasite should enable one to see that they are not within the corpuscle. For instance, if they were within the corpuscle, one would expect to get such appearances as are shown in Text- fig. 1 . As a matter of fact, the appearances most commonly met with and illustrated are those given in Text- fig. 2 .
Attachment "of the Crescent to the Red Corpuscle.--The crescent follows in general the same method of attachment to the corpuscle as do the parasites of the other malarial infections. 2 They encircle with their cytoplasm mounds of hemoglobin substance, which assists them to maintain their rather precarious position on the surface of the corpuscle while they dissolve and digest the hemoglobin. The mounds of hemoglobin to which the corpuscles are attached may be seen protruding through the cytoplasm of the body proper of the crescent as well as at the periphery (Figs. 1 to 105 ). One might say that the parasite attaches itself to the corpuscle in two ways: (a) encircling with its body protoplasm surface mounds of hemoglobin; (b) encircling with pseudopodia arising from the cytoplasm peripheral mounds of hemoglobin.
T~xT -FIG. 2 , a, b, and c. The crescent wraps itself around the red corpuscle, and proceeds to decolorize it. The So called "bib" is the decolorized corpuscle. When the bib is present it practically always comes from the concavity of the crescentic body as shown in a, b, and c. Ordinarily the bib appears only on one side of the crescent, but occasionally it may be seen on both sides as is schematized in c. In these instances the outline of the decolorized corpuscle can usually be traced through the substance of the crescent.
Surface Mounds.--The mounds of hemoglobin substance protruding through the protoplasm of the parasite do not seem to alter the general outline of the crescentic body. In many instances where the apex of the surface mound extends beyond the periphery of the crescentic body, the outline of the crescent may be traced beneath the transparent mound. The mounds protrude through various parts of the body of the crescent, some of them protruding where the nucleoplasm is supposed to be; in fact, in rare cases the chro-matin granules may be seen outlining the hemoglobin mound at its base (Figs: 21 and 79 at oo). Frequently the pigment granules may be seen outlining the base of a hemoglobin mound (Figs. 11, 17 , and 44 at x).
Peripheral Mounds.--These are seen along the edges of the crescentic body, and do not appear to have protruded through the body proper of the parasite. I believe that these peripheral mounds are encircled by pseudopodia.
Attaching Pseudopodia.--I do not know whether these pseudopodia are used for the purpose of capturing their prey as well as for the purpose of securing it after it has been .captured. They arise from the cytoplasm of the parasite, staining similarly, and may show definitely, especially in specimens where the hemoglobin mounds are seen. As one would expect, considering their purpose, they may be seen either in the form of loops (Figs. 43, 58, 60, 70, 98 , and 105 at o), or as strings of cytoplasm (Figs. 21, 34, 56, 57, 59, 79, 97 , and 98 at o). The large amount of cytoplasm which may enter into the formation of these pseudopodia is surprising (Figs. 59, 60, 70, 98, 99, and 105) .
I have observed these mounds, especially the peripheral mounds, in fresh preparations. This has led me to believe that perhaps some of the small round bodies seen by observers about the periphery of the crescent might be hemoglobin mounds.
Celli and Guarnieri ~ note that "these crescent and ovoid forms may show small round bodies--buds, as it were--about the periphery, one or more in number." Thayer 4 states: "We may observe in certain instances the protrusion of small delicate, bud-like bodies which are cut off from the cell." Celli and Guarnieri suggest that these bodies may represent a method of reproduction, while Thayer states that it is probably a degenerative process. Sforza, 5 judging from certain observations on the staining reactions of crescents, concludes that "the greater part of the crescentic body is nothing more or less than the degenerate red corpuscle." To reach this conclusion, could he have seen the hemoglobin mounds protruding through the crescentic body? 3 Celli and Guarnieri, quoted from Thayer, W. S., and Hewetson, J., The malarial fevers of Baltimore, Johns Hopkins Hosp. Rep., 1895, v, 162. 4 Thayer, W. S., Lectures on the malarial fevers, New York, 1897, 73. 5 Sforza, quoted from Thayer and Hewetson, The malarial fevers of Baltimore, Johns Hopkins Hosp. Rep., 1895, v, 169. Decolorization of Corpuscular Mounds by Parasitic Action.
Vacuolization.
As a rule, mounds of hemoglobin substance are rather rapidly decolorized (dissolved and assimilated) by the parasite. This may be demonstrated by the examination of a large series of films taken in immediate succession. After decolorization of the surface mounds has taken place, the appearance of the parasite corresponds to what has often been described and pictured as "vacuolization." Mounds in the process of decolorization by the action of the parasite are frequently seen (Figs. 62 to 69 ). I have observed vacuoles in the living parasite many times and have never considered the process a degenerative one. The vacuoles vary in size and shape and two or more may run together to make one.
The idea that vacuolization is synonymous with degeneration seems to be well fixed in the minds of many observers. Canalis 6 pictures a crescent with vacuoles, describing it as a crescent shOwing degeneration. Antolisei and Angelini ~ describe "degenerate vacuolating forms which represent the death of the parasite." Mannaberg 8 writes: "In fresh preparations appearances are sometimes seen in the crescents which must be considered to be processes of degeneration. They consist of the appearance of clear circles and spots, which alter their shape under the observer's eye." Marchiafava and Bignami ° write: "We may also see the process of vacuolization of the crescent bodies as well as of the ovoid and round ones," describing it as a degenerative alteration. Celli and Guarnieri ~ note "vacuolic degeneration of the crescentic forms." Manson 1° writes that the protoplasm of the crescent "shows vacuolation and other signs of degeneration." Canalis, P., Studi sulla Infexione malarica Sulla vari~ta parassitaria delle forme semilunari di Laveran e sulle febbri malariche che da esse dipendono, Arch. st. reed., 1890, xiv, 75 , and Plate C, Fig. 11 .
Antolisei and Angelini, quoted from Thayer and Hewetson, The malarial fevers of Baltimore, Johns Hopkins Hosp. Rep., 1895, v, 164. 8 Mannaberg, J., The malarial parasites. A description based upon observations made by the author and other observers; Translation by Felkin, R. W., London, 1894, 287.
9 Marchiafava, E., and Bignami, A., Malaria, in Stedman, T. L.,°Twentieth century practice, New York, 1900, xix, 47.
10 Manson, P., Tropical diseases: a manual of the diseases of warm climates, London, Paris, New York, and Melbourne, 2nd edition, 1900, 14.
Thayer n states: "Vacuolization of the crescentic, ovoid, and round bodies is not very uncommon. This is usually associated with a diminution of the refractiveness of the parasite and often with a loss of regular outline. The vacuoles are small, but may vary considerably in size, sometimes becoming confluent and larger. The process is evidently degenerative." Thayer and Hewetson 12 state that the "vacuolic degeneration" of crescentic forms is a process which has previously been described by Laveran.
Vacuoles.
Contractile or Pulsatile Vacuoles.--In protozoa the vacuole is not a vacant space. In the fresh water amebic, in addition to food vacuoles, one may see contractile or pulsatile vacuoles. These vacuoles are exceptional in size and constancy of position. They are usually excretory organs, containing a combination of fluid and gas. At fairly regular intervals they may be seen to contract until they disappear, reforming slowly. But it is not the contractile or pulsatile vacuoles with which we have to do in connection with the malarial parasite, but with the food vacuoles.
Food or Nutritive Vacuoles.--These are usually regarded as of temporary character. They contain liquid, not gas, probably a chemical ferment which dissolves the hemoglobin and makes it available for utilization by the parasite. The parasite assimilates what it needs for, nutrition, the waste products being converted into pigment, which is excreted when the parasite segments.
The fresh water ameba resembles the malarial ameba in some respects. It secures its prey byxneans of pseudopodia which surround the prey, the pseudopodium of the ameba uniting to enclose it within the boundary of its protoplasm, in this way forming a so called nutritive vacuole with the prey as the inclusion. The ameba then proceeds to dissolve the inclusion, absorbing the dissolved material into its substance, storing the reserves, and throwing off the waste products.
I have seen much the same process occur with the mononuclear leukocyte of tiuman blood.1~ The leukocyte put out pseudopodia from n Ttmyer, Lectures on the malarial fevers, New York, 1897, 72. 1, Thayer and Hewetson, The malarial fevers of Baltimore, Johns Hopkins ttosp. Rep., 1895, v, 162. 13 Rowley, M. W., A fatal anaemia with enormous numbers of circulating phagocytes, J. Exp. Med., 1908, x, 78. its cytoplasm, which captured and included a polynuclear leukocyte, the pseudopodia uniting to form the wall of the nutritive vacuole with the polynuclear leukocyte within it. The mononuclear cell then proceeded to dissolve the inclusion and the gradual disappearance of the structure of the polynuclear leukocyte could be watched.
The vacuoles seen in connection with the malarial parasite are what one would expect to find and are not an indication of degeneration. Grassi 14 shows them in crescentic bodies, Schaudinn ~5 pictures vacuoles in the "ookinete," and Ruge~6-illastrates them in a proteosoma. Even the decolorized mound ("achromatic area") seen in connection with the young parasite must be a converted nutritive vacuole since the parasite has dissolved and assimilated the hemoglobin which was enclosed within its pseudopodium.
Is it possible that the malarial parasite, like the fresh water ameba, may secrete reserves which would enable it to withstand lack of food for a short time? If this were so, it would suggest what we already know to be necessary--vigorous and long continued treatment.
SUMMARY.
A~stivo-autumnal parasites, including the crescentic bodies, are always extracellular; that is, they are attached to the external surface of the red corpuscles.
Crescentic bodies attach themseh/es to the red corpuscles just as the younger parasites do, by encircling, with their CYtoPlasm , mounds of hemoglobin substance. These hemoglobin mounds may be seen protruding through various portions of the crescentic bodies, as well as at the periphery of the parasites. The base of the mounds is occasionally outlined by the chromatin or pigment granules.
The hemoglobin mounds protruding through the body proper of 14 Grassi, B., Die Malaria, Studien eines Zoologen, Jena, 2nd edition, 1901, Figs. 11, 12, 14 to 17, 20, 21, 24, 25, and 28. 16 Schaudinn, F., Studien fiber krankheitserregende Protozoen. II. Plasmodium vivax (Grassi & Feletti) , der Erreger des Tertianiiebers beim Menschen, Arb. k. Gsndhtsamte., 1903, xix, 169, and Plate 4, Figs. 37, 38, 39, and 40. ~6 Ruge, R., Einffihrung in das Studium der Malariakrankheiten mit besonderer Berfickuichtigung der Technik. Ein Leitfaden fiir Schiffs-und Colonial~irzte, Jena, 1901, Plate 1, Fig. 41 . the crescentic bodies do not seem to alter the general outline of the parasites. The outline of the parasites may be traced through the transparent mounds.
Whenever attaching pseudopodia are observed they are seen to arise from the cytoplasm of the parasites and may be in the form of loops or strings.
When the crescents are attached they proceed to dissolve the hemoglobin to make it available for utilization, assimilating what is required for nutrition, the waste product being in the form of pigment granules.
After the hemoglobin mounds, to which the crescents are attached, have been decolorized by parasitic action, an appearance is obtained which has been described by most observers as vacuolization of the crescentic body. These observers believe the picture to be ofle of degeneration.
The decolorized mounds or vacuoles ("achromatic areas") seen in connection with malarial parasites correspond to the nutrition vacuoles of the common amebah and possibly the malarial parasite may, like these amebas, secrete reserve food.
EXPLANATION OF PLATES.
PLATE 33.
Magnification, × 1,690. FIGS. 1 to 7. Young ~estivo-autumnalparasites attached to peripheral mounds of hemoglobin substance. The pseudopodia of the parasites have encircled the mounds at their base.
FIGS. 8 to 10. Adult tertian parasites attached to peripheral corpuscular mounds.
FIGS. 11 to 35. Crescentic bodies of ~estivo-autumnal infections attached to peripheral and surface mounds of hemoglobin substance. In Figs. 11, 17, 26 , and 28 the pigment granules are seen outlining the hemoglobin mounds at their base, at x. In Fig. 21 the chromatin granules may be seen outlining the base of the mound at oo. In Figs. 21 and 34 the pseudopodium may be seen at o. Figs. 12, 13, 14, 15, 16, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28, 29, 30, 31, 33, and 35 correspond to Figs. 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, and 90. Examination of these pictures with a magnifying glass will show definitely the mounds of hemoglobin substance protruding through the bodies of the crescents.
PLATE 34.
Magnification, X 1,690. FIGS. 36 to 55. Crescentic bodies attached to peripheral and surface mounds of hemoglobin substance. Fig. 43 shows at o the pseudopodium in the form of a loop. Fig. 44 shows at x pigment granules surrounding the base of the hemoglobin mound. Fig. 45 shows at xx mounds of hemoglobin substance, which was stained a deep pink, reproducing black in the photograph. Figs. 37, 41, 44, 46, 49, and 55 correspond to Figs. 91, 92, 93, 94, 95, and 96. FIG. 56 . A crescent body attaching to a red corpuscle by means of its pseudopodia, seen at o. This figure corresponds to 
